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Introduction
Carbocycles confer a well-defined tridimensional structure to organic molecules and therefore allow more selective interactions with biological targets (Figure 1 ). This can already be achieved with a single five-membered ring, like in prostaglandin (1) , or with more complex polycyclic frameworks, like the classical 6,6,6,5 ring system of the steroid cholesterol (2). Although fiveand six-membered rings are most often encountered, other ring sizes can add further structural diversity, as exemplified by the diterpene ingenol (3) featuring three-, five-and seven-membered rings. 1 The importance of the exact cyclic structure of bioactive terpenes is also apparent from their biosynthesis via a cyclase and an oxidase phase, an approach which has also inspired synthetic chemists. 2 The development of new cyclization or annulation reactions to construct saturated carbocycles has consequently been an intensively investigated field of organic chemistry. In this context, the palladium-catalyzed cyclization of carbonnucleophiles onto alkenes is a powerful method to construct efficiently five-and six-membered rings. 3 If ring-formation can be accompanied by a second C-C bond formation in a domino reaction, the efficiency of the process will be greatly increased. 4 Nevertheless, the selective formation of two different C-C bonds in a single reaction sequence is challenging, and has been realized only in few rare cases. Most impressive are the reports of Goré, Balme and co-workers on the cyclization of activated carbonyl compounds combined with arylation or vinylation (Scheme 1, A). 5 However, this method remains underdeveloped in comparison to the oxy-or amino-carbofunctionalization reactions, which have been intensively investigated in the last decade, in particular by Wolfe and co-workers (Scheme 1, B). 6 Scheme 1. Pd-catalyzed intramolecular carbofunctionalization of olefins.
Since 2010, our group has been particularly interested in the hetero-alkynylation of alkenes, 7 as alkynes are among the most useful functional groups in organic chemistry. 8 We have developed both a Pd II7a-b and a Pd 0 -catalyzed 7c-d intramolecular oxy/amino-alkynylation of olefins using EBX (Ethynylbenziodoxolone) hypervalent iodine reagents and alkynyl bromides respectively. Herein, we would like to report the first use of activated carbonyls as nucleophiles in a Pd 0 -catalyzed carboalkynylation of olefins (Scheme 1, C). The method could be applied to the synthesis of five-and sixmembered rings and was also successful in the case of 5,5-, 5,6-and 5,7-bicyclic ring systems.
Results and Discussion
We started our investigations by examining the cyclizationalkynylation of diester 5a with triisopropylsilylethynyl bromide (4a) 9 using the conditions developed previously for oxyalkynylation (Pd2(dba)3 with DPE-Phos as ligand, Table 1 ). Gratifyingly, the desired carboalkynylation product was obtained in 44% yield (entry 1). We then decided to systematically vary the palladium source, the phosphine ligand, the solvent, the base and the alkynylation reagent 4 in order to improve the yield. The palladium source used had a strong influence on the yield (entries 1-6). Low yields were obtained with Pd(dba)2, Pd(PPh3)4 or Pd (OAc)2 (entries 2-4). With PdCl2(PPh3)2, the yield could be improved to 72% (entry 5). Finally, the best result (86% yield) was obtained with [Pd(allyl)(cod)]BF4 10 as precursor (entry 6). When other biphosphine ligands were tested (entries 7-12), only dppf, which has a bite angle similar to DPE-Phos (99 vs 102°) gave a substantial yield of 6a (40%, entry 9). With the bulky monophosphine Ru-Phos, the carboalkynylation product 6a could be obtained in 37% yield (entry 13). Up to now, no ligand superior to DPE-Phos could be found. Examination of the base confirmed that sodium tert-butoxide was the best (entries 14-19). Lithium tert-butoxide gave a similar yield (83%, entry 14), whereas 6a was obtained in 64% yield with potassium tertbutoxide (entry 15). Stronger (entries 16 and 17) and weaker (entries 18 and 19) bases gave lower yields. Interestingly, product 6a could still be obtained in 74% yield using DBU as a base (entry 18). The solvent effect was then examined (entries 20-26). A comparable yield was obtained in dioxane (83%, entry 20). Moderate yields were still observed in trifluorotoluene and toluene (entries 21 and 22), but no desired product could be obtained in dichloroethane, acetonitrile, NMP and DMSO (entries 23-26). It is interesting to note that highly polar solvents such as NMP and DMSO, which gave the best results for the related carboarylation reaction, 5a did not work in this case. To conclude our optimization studies, we turned to variation of the alkynylation reagent (entries 27-29). The use of chloro-or iodoalkynes 4b and 4c gave lower yields (entries 27 and 28). Finally, the use of the hypervalent iodine reagent TIPS-EBX (4d) was not successful (entry 29).
On preparative scale, cyclopentane 6a was obtained in 85% yield (Table 2 , entry 1). We then investigated which types of activated carbonyl compounds could be used in the cyclization reaction.
11 Dimethylmalonate derivative 5b gave the desired product 6b in 62% yield (entry 2). The reaction was also successful in the case of mixed malonate 5c and cyano ester 5d, although in this case mixtures of diastereoisomers were obtained (entries 3 and 4) . No product was observed when using nitro ester 5e (entry 5). Obtained as a mixture of diastereoisomer (<2:1 dr), the diastereoselectivity could not be determined exactly due to peaks overlap.
We then turned to further modification of the diethyl malonate substrates (Table 3) . Cyclohexane 6f could be obtained in 31% yield, demonstrating that the synthesis of six-membered rings was also possible, albeit in lower yield (entry 1). Substituents in  or  positions of the malonates were well tolerated (entries 2-4). However, a low diastereoselectivity (<2:1) was observed. Substituted five-, six-, and seven-membered rings were then examined in order to access important bicyclic systems (entries 5-7). The reaction proceeded in 60-93% yield and gave a mixture of diastereoisomers at the newly formed stereocenter. Currently, the method is limited to terminal alkenes, as no product was observed when using cyclic or acyclic internal alkenes (entries 8 and 9) . In addition, a complex mixture of compounds was obtained when aliphatic or aryl alkynyl bromides were used under these conditions. At this early stage of research, only a very speculative proposal for the reaction mechanism can be made based on previous works in the field (Scheme 2). [5] [6] [7] Under the reaction conditions, a Pd 0 -phosphine complex I is probably first generated. Oxidative addition on alkynyl bromide 4a then gives Pd II intermediate II. At this point, two mechanisms can be envisaged for carbopalladation: anti palladation via transition state III to give alkyl palladium complex V, or first ligand exchange resulting in formation of intermediate IV, followed by syn palladation to give V. The strong dependence on base strength indicates that deprotonation of malonate 5a is required for the reaction to proceed. In our previous work on oxyalkynylation, we could demonstrate through the use of internal alkenes as substrates that the reaction proceeded via syn palladation.
7c-d On the other hand, Balme, Goré and co-workers reported strong evidence for an anti palladation mechanism for the related carboarylation reaction. 5a As the reaction did not work for internal olefins under our conditions, the stereochemistry of the carbopalladation step unfortunately cannot yet be established.
12 Nevertheless, the low diastereoselectivity observed would be more in agreement with an anti palladation process. Finally, reductive elimination with formation of the C(SP)-C(SP 3 ) bond gives product 6a and regenerates the active Pd 0 complex I.
Scheme 2. Speculative mechanism for the carboalkynylation reaction.
In conclusion, we have described the first example of intramolecular carboalkynylation of alkenes using activated carbonyl compounds as nucleophiles and triisopropylsilylalkynyl bromide (4a). The reaction proceeded in good yields for the formation of five-membered rings and tolerated a broad range of substitution patterns on the alkyl chain between the olefin and the carbonyl compound. The formation of a six-membered ring was also possible, albeit only in moderate yields. Future investigations will focus on increasing the diastereoselectivity of the process, extending the scope to internal alkenes and other types of alkynylation reagents, as well as on in-depth understanding of the reaction mechanism.
Experimental section

General Methods
All reactions were carried out in oven dried glassware under an atmosphere of nitrogen, unless stated otherwise. For quantitative flash chromatography technical grade solvents were used. For flash chromatography for analysis, HPLC grade solvents from Sigma-Aldrich were used. THF, Et2O, CH3CN, toluene, hexane and CH2Cl2 were dried by passage over activated alumina under nitrogen atmosphere (H2O content < 10 ppm, Karl-Fischer titration). All chemicals were purchased from Acros, Aldrich, Fluka, VWR, Aplichem or Merck and used as such unless stated otherwise. Chromatographic purification was performed as flash chromatography using Macherey-Nagel silica 40-63, 60 Å, using the solvents indicated as eluent with 0.1-0.5 bar reduced pressure. TLC was performed on Merck silica gel 60 F254 TLC glass plates or aluminium plates and visualized with UV light, permanganate stain or anisaldehyde stain.
1 H-NMR spectra were recorded on a Brucker DPX-400 400 MHz spectrometer in chloroform-d and all signals are reported in ppm with the internal chloroform signal at 7.26 ppm The data is being reported as (s = singlet, d = doublet, t = triplet, q = quadruplet, qi = quintet, m = multiplet or unresolved, br = broad signal, app = apparent, coupling constant(s) in Hz, integration, interpretation). 13 CNMR spectra were recorded with 1 H-decoupling on a Brucker DPX-400 100 MHz spectrometer in chloroform-d, all signals are reported in ppm with the internal chloroform signal at 77.0 ppm. Infrared spectra were recorded on a JASCO FT-IR B4100 spectrophotometer with an ATR PRO410-S and a ZnSe prism and are reported as cm -1 (w = weak, m = medium, s = strong, br = broad). High resolution mass spectrometric measurements were performed by the mass spectrometry service of ISIC at the EPFL on a MICROMASS (ESI) Q-TOF Ultima API. All starting materials were synthesized using adapted reported procedures. 
General procedure for carboalkynylation
The starting material 5 (0.40 mmol) was introduced into a sealed tube containing [Pd(allyl)(cod)]BF4 (5.2 mg, 0.015 mmol, 0.04 equiv), DPE-Phos (17 mg, 0.030 mmol, 0.08 equiv.), NaO t Bu (57 mg, 0.60 mmol, 1.5 equiv), dry THF (2.0 mL) and TIPS acetylene bromide (4a) (0.17 g, 0.60 mmol, 1.5 equiv). The vial was heated to 80 o C and the reaction stirred until complete conversion of the starting material (analysis by TLC). The mixture was then allowed to cool to room temperature, silica gel was added and the solvent was removed under reduced pressure. The crude product adsorbed on silica gel was directly put on column chromatography for purification, eluting with PET:Et2O, 15:1. 8, 107.3, 81.1, 62.8, 61.2, 61.1, 45.1, 34.4, 30.7, 22.5, 22.1, 18.6, 14.1, 14.0, 11.3. IR (neat) 8, 52.6, 52.3, 45.2, 34.4, 30.6, 22.5, 22.1, 18.6, 11.3. IR (neat) 
Characterization
1-Ethyl 1-methyl 2-(3-(triisopropylsilyl)prop-2-yn-1-yl)cyclopentane-1,1-dicarboxylate (6c)
The product was isolated as a yellow oil as a mixture of inseparable diastereoisomers (dr < 2:1, 83.6 mg, 0.212 mmol, 53% 9, 171.3, 170.7, 107.2, 107.1, 81.1, 62.9, 62.8, 61.3, 61.2, 52.5, 52.2, 45.2, 45.0, 34.3, 30.7, 30.6, 22.5, 22.2, 22.1 18.6, 14.2, 14.1, 11.3 . Not all signals for each diastereoisomer could be resolved. IR ( 
Ethyl 1-cyano-2-(3-(triisopropylsilyl)prop-2-yn-1-yl)cyclopentanecarboxylate (6d)
The product was isolated as a yellow oil as a mixture of inseparable diastereoisomers (dr: < 2:1, 0.123 g, 0.339 mmol, 82%). Rf: 0.40 (PET:Et2O/15:1).
1 H NMR (400MHz CDCl3) δ 4.24 (q, J = 7.0 Hz, 2H, CO2CH2CH3), 2.74-2.44 (m, 3H, ring protons and propargylic H), 2.36-2.14 (m, 3H, ring protons and propargylic H), 2.04-1.65 (m, 3H, ring protons), 1.37-1.31 (m, 3H, CO2CH2CH3) 1.08-0.97 (m, 21H, TIPS). 13 C NMR (101 MHz, CDCl3) δ 168. 9, 167.8, 120.7, 118.1, 105.3, 104.9, 82.6, 82.0, 62.8, 62.6, 52.6, 50.5, 50.2, 47.9, 37.9, 36.7, 30.7, 30.6, 23.2, 22.6, 22.4, 21.4, 18.5, 18.4, 14.1, 14.0, 11.3, 11.2 
Diethyl 2-(3-(triisopropylsilyl)prop-2-yn-1-yl)cyclohexane-1,1-dicarboxylate (6f)
The product was isolated as a yellow oil (52.2 mg, 0.124 mmol, 31%). Rf: 0.49 (PET:Et2O/15:1).
1 H NMR (400 MHz, CDCl3), δ 4.21-4.15 (m, 4H, CO2CH2CH3), 2.54-2.49 (m, 1H, propargylic H), 2.31-2.24 (m, 2H, ring protons and propargylic H), 2.17-2.10 (m, 1H, ring proton), 2.07-2.00 (m, 1H, ring proton), 1.88-1.81 (m, 1H, ring proton), 1.63-1.58 (m, 1H, ring proton), 1.52-1.30 (m, 4H, ring protons), 1.26-1.23 (m, 6H, CO2CH2CH3), 1.07-1.02 (m, 21H, TIPS). 13 C NMR (101 MHz, CDCl3) δ 171. 7, 170.5, 108.9, 81.1, 61.2, 60.9, 58.4, 41.0, 31.2, 26.4, 23.4, 22.6, 22.1, 18.6, 14.1, 11.3 (2C) 
Diethyl 2-phenyl-5-(3-(triisopropylsilyl)prop-2-yn-1-yl)cyclopentane-1,1-dicarboxylate (6g)
The product was isolated as a yellow oil as a mixture of inseparable diastereoisomers (dr: 2:1, 0.116 g, 0.250 mmol, 60%, > 90% pure). The dr was calculated by integrating the peaks at 3.92 and 3.76 3.36 (dq, J=10.7, 7 .2 Hz, 1H, CO2CH2CH3, major diastereoisomer), 3.16-3.08 (m, 1H, ring proton), 2.77 (dd, J = 15.6, 2.5 Hz, 0.5H, propargyl CH2, minor diastereoisomer), 2.67-2.50 (m, 2H, propargyl CH2, major diastereoisomer and ring proton), 2.38-2.52 (m, 3H, ring protons), 2.18-2.05 (m, 1H, ring proton), 2.10 (dd, J = 16.5, 10.3 Hz, 1H, propargyl CH2, major diastereoisomer), 2.02-1.91 (m, 1H, ring proton), 1.75-1.62 (m, 1H, ring proton), 1.24 (t, J = 7.1 Hz, 3H, OCH2CH3, major diastereoisomer), 1.21 (t, J = 7.1 Hz, 1.5H, OCH2CH3, minor diastereoisomer), 1.09-1.05 (m, 31.5H, TIPS), 0.88 (t, J = 7.2 Hz, 1.5H, OCH2CH3, minor diastereoisomer), 0.77 (t, J = 7.2 Hz, 3H, OCH2CH3, major diastereoisomer). 13 C NMR (101 MHz, CDCl3), δ 170.6, 170. 1, 142.0, 139.8, 128.9, 128.7, 127.9, 127.7, 127.0, 126.8, 106.9, 81.3, 68.0, 67.6, 61.2, 61.1, 60.7, 60.5, 52.3, 51.7, 48.5, 45.1, 31.6, 30.4, 29.6, 29.0, 22.6, 21.8, 18.6, 14.1, 14.0, 13.6, 13.3, 11.4, 11.3 . Not all peaks of the minor diastereoisomer could be resolved for the alkyne and the TIPS. IR (neat), 2961 (broad, s), 2172 (w), 1724 (s), 1462 (m), 1377 (m), 1252 (s), 1057 (s), 881 (m). HRMS (ESI) calcd for C29H45O4Si [M+H] + 485.3082; found 485.3062.
Diethyl 2-(but-3-en-1-yl)-5-(3-(triisopropylsilyl)prop-2-yn-1-yl)cyclopentane-1,1-dicarboxylate (6h)
The product was isolated as a yellow oil as a mixture of inseparable diastereoisomers (dr < 2:1, 81.2 mg, 0.180 mmol, 44%, >90% purity by 1 H NMR). Rf: 0.50 (PET:Et2O/15:1). 1 H NMR (400 MHz, CDCl3) δ 5. 1H, CH2CH=CH2), 2H, CH2CH=CH2), 4H, CO2CH2CH3) , 2.92-2.76 (m, 1H), 2.71-1.80 (m, 7 H), 1.72-1.60 (m, 1H), 1.38-1.24 (m, 9 H), 1.11-1.00 (m, 21H, TIPS). 13 C NMR (101 MHz, CDCl3) δ 171. 5, 171.0, 170.9, 170.4, 138.5 (2C), 114.6. 114.5, 106.9, 81.2, 66.6, 66.5, 61.0, 60.9, 47.2, 44.6, 44.0, 32.5, 32.3, 31.3, 30.8, 29.2, 29.0, 28.9, 28.2, 23.2, 18.6, 18.0, 14.2, 14.1, 11.3 
Diethyl 4-(((triisopropylsilyl)oxy)methyl)-2-(3-(triisopropylsilyl)prop-2-yn-1-yl)cyclopentane-1,1-dicarboxylate (6i)
The product was isolated as a yellow oil as a mixture of inseparable diastereoisomers (dr < 2:1, 0.186 g, 0.313 mmol, 78% 1, 171.8, 170.9, 170.8, 107.3, 107.2, 81.2, 81.0, 66.8, 66.6, 63.0, 62.5, 61.4, 61.3, 61.1, 44.6, 44.5, 39.9, 38.4, Tetrahedron 6 37. 1, 36.9, 34.6, 33.3, 22.5, 21.9, 18.7, 18.1, 14.1, 14.0, 12.0, 11.3 3, 170.7, 170.0, 108.1, 107.7, 80.9, 80.3, 66.1, 65.4, 61.1, 61.0, 60.7, 60.5, 51.9, 50.3, 50.2, 42.4, 42.3, 40.4, 37.9, 36.5, 35.5, 32.6, 30.7, 29.3, 28.1, 27.4, 21.8, 21.3,18.6, 14.2, 14.0, 11.3 13 C NMR (101 MHz, CDCl3,) δ 171.5, 171. 4, 170.2, 169.2, 108.5, 106.5, 81.6, 80.1, 65.3, 65.0, 61.0, 60.9, 60.8, 60.5, 53.3, 51.1, 45.1, 41.4, 41.2, 41.1, 37.8, 35.6, 32.7, 32.2, 28.9, 28.1, 26.3, 26.2, 26.1, 25.8, 23.5, 22.5, 18.6, 14.2, 14.1, 14.1, 14.0, 11.3, 11.3 
Diethyl 2-(3-(triisopropylsilyl)prop-2-yn-1-yl)octahydroazulene-1,1(2H)-dicarboxylate (6l)
The product was isolated as a yellow oil as a mixture of inseparable diastereoisomers (dr < 2:1, 0.176 g, 0.370 mmol, 93% 9, 171.0, 170.6, 169.6, 107.8, 107.3, 81.2, 80.5, 68.4, 66.5, 61.0, 60.9, 60.6, 60.5, 51.7, 48.5, 46.5, 43.8, 41.7, 40.8, 39.0, 38.1, 33.4, 32.0, 31.4, 31.2, 30.6, 29.7, 29.6, 29.2, 28.0, 27.8, 22.1, 21.5, 18.6, 14.2, 14.1, 13.9, 11.3 . The signals for the TIPS and for one methyl group on the esters for each diastereoisomer could not be resolved. IR (neat), 2921 (m), 2865 (m), 2173 (m) 
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2.Synthesis and Characterization of the Starting Materials
General Procedures
Procedure A: Grignard addition to an epoxide. 1 In a dried two-neck flask equipped with a reflux condenser, allyl magnesium bromide (1.0 M solution in Et2O, 2.5 equivalents) was diluted with Et2O to give a 0.50 M solution with respect to the Grignard reagent. The epoxide was then added dropwise over 10 minutes at room temperature and the resulting solution was heated to reflux and monitored by TLC. After completion of the reaction (ca. 3 hours), the solution was cooled to room temperature and a sat. aq. NH4Cl solution was carefully added until there was no more effervescence and the solution had become colourless. Water was then added to dissolve the solids. The aqueous layer was extracted three times with Et2O; the combined organic layers were washed with brine and dried over MgSO4.
The solvent was then removed under reduced pressure and gave products of sufficient purity for the following steps. S3 0 o C was added CBr4 (1.5 equiv) in portions over 10 minutes. The suspension was then stirred at 0 o C for 30 minutes and then at room temperature until the reaction went to completion (often overnight). Pentane was then added and the mixture was stirred until complete precipitation of Ph3PO. The solids were filtered off, washed with pentane and the resulting organic solution was concentrated in vacuo to afford the crude product which was then purified through column chromatography.
Procedure C: Mesylation of alcohols: 3 To an ice cooled 0.12 M solution of alcohol in DCM containing NEt3 (7.0 equiv) and DMAP (0.1 equiv)was added MsCl (2.4 equiv) dropwise. The solution was stirred for 30 minutes before being allowed to warm to room temperature; it was then stirred at room temperature until completion. The reaction was quenched by the slow addition of water. The layers were separated and the aqueous one was extracted three times with DCM; the combined organics were washed with aq. 1M KHSO4, sat. aq. NaHCO3 and brine before being dried over MgSO4 and concentrated under reduced pressure. The resulting crude product was then purified through column chromatography.
Procedure D: Alkylation of Malonates
Na (1.05 equiv) was added to dry EtOH and the resulting mixture was stirred until the complete consumption of Na, in order to generate a 12 M solution of NaOEt. The latter was then warmed to 50 o C and diethyl malonate (1.0 equiv) and the substrate (1.0 equiv) were successively added. The resulting mixture was heated to 80 o C until completion of the reaction as determined by TLC analysis. The solution was left to cool to rt and 1 M aq. HCl was slowly added (1 mL per mmol substrate). The aqueous layer was separated and extracted with ether. Then the organic layers were combined, washed with H2O and dried over MgSO4.
Removal of the solvent under reduced pressure then afforded the crude product, which was then purified by column chromatography.
2-Bromo-1-triisopropylsilyl acetylene 4 (4a)
Triisopropyl acetylene (7) (3.65 g, 20.0 mmol, 1.00 equiv) was dissolved in acetone (120 mL). NBS (4.13 g, 23.5 mmol, 1.16 equiv) was added followed by silver(I) nitrate (0.350 g, 2.00 mmol, 0.10equiv) under vigorous stirring. After 3 hours of stirring the reaction was quenched by addition of ice, which upon melting was extracted with pentane (3 x 120 mL). The organic layers were combined, dried over MgSO4 and concentrated in vacuo to yield 4a (5.04 g, 19.2 mmol, 97%) as a colourless oil, which was used without further purification. 
(Chloroethynyl)triisopropylsilane (4b)
Following a reported procedure, 5 triisopropyl silyl acetylene (7) (2.2 mL, 10 mmol, 1.0 equiv) was dissolved in THF (12.5 mL) and the solution was stirred at 0 °C for 5 min. nBuLi (2.5 M in hexanes, 4.4 mL, 11 mmol, 1.1 equiv) was added dropwise and the resulting mixture was stirred at 0 °C for 30 min. N-chloro succinimide (1.6 g, 12 mmol, 1.2 equiv) was added and the mixture was stirred at 0 °C for 5 min and then at room temperature overnight. The reaction was then quenched by the addition of water (12.5 mL). The two layers were separated and the aqueous one was extracted with EtOAc (3 x 12 mL). The combined organic layers were dried over MgSO4, filtered and the solvent was removed in vacuo. Purification by column chromatography (SiO2, hexane) afforded 2-iodo-1-triisopropylsilyl acetylene (4b) 
2-Iodo-1-triisopropylsilyl acetylene (4c)
Following a reported procedure, 6 MeLi•LiBr (1.5 M in diethyl ether, 1.1 mL, 1.6 mmol, 1.0 equiv) was added to a stirred solution of triisopropylsilylacetylene (7) (0.36 mL, 1.6 mmol, 1.0 equiv) in dry THF (1.8 mL), cooled at -78 °C, and the mixture was allowed to react for 1 h at that temperature. A solution of I2 (457 mg, 1.80 mmol, 1.25 equiv) in dry THF (2.7 mL) was then added dropwise and the mixture was stirred for 1.5 h at -78 °C. The mixture was then diluted with brine (6 mL) and the aqueous layer was extracted with ether (3 x 10 mL). The combined organic layers were washed with a saturated aqueous solution of Na2S2O3 (3 x 20 mL), dried over MgSO4 and concentrated under reduced pressure. Purification by column chromatography (SiO2, hexane) afforded 2-iodo-1-triisopropylsilyl acetylene (1c) (0.470 g, 1.52 mmol, 94% yield) as a colorless oil.
1 H NMR (400 MHz, CDCl3) δ 1.10-1.04 (m, 21 H, TIPS); 13 C NMR (100 MHz, CDCl3) δ 100. 8, 18.5, 11.4 (one acetylene carbon was not resolved); the reported values correspond to the ones in literature. Following the reported procedure, 7 NaIO4 (7.24 g, 33.8 mmol, 1.05 equiv) and 2-iodobenzoic acid (8) (8.00 g, 32.2 mmol, 1.00 equiv) were suspended in 30% (v:v) aq. AcOH (48 mL). The mixture was vigorously stirred and refluxed for 4 h. The reaction mixture was then diluted with cold water (180 mL) and allowed to cool to room temperature, protecting it from light. After 1 h, the crude product was collected by filtration, washed on the filter with ice water (3 x 20 mL) and acetone (3 x 20 mL), and air-dried in the dark to give the pure product 9 (8.3 g, 31 mmol, 98%) as a colorless solid. 
1-[(Triiso-propylsilyl)ethynyl]-1,2-benziodoxol-3(1H)-one (TIPS-EBX, 4d)
S6
Following a reported procedure, 9 2-iodosylbenzoic acid (9) (21.7 g, 82.0 mmol, 1.0 equiv) was charged in oven-dried three-neck 1L flask equipped with a magnetic stirrer. After 3 vacuum/nitrogen cycles, anhydrous acetonitrile (500 mL) was added via cannula and cooled to 4 °C. Trimethylsilyltriflate (16.4 mL, 90.0 mmol, 1.1 equiv) was added dropwise via a dropping funnel over 30 min (no temperature increase was observed).
After 15 min, (trimethylsilyl)(triisopropylsilyl)acetylene (11) 
[Pd(allyl)(cod)]BF4 (13)
Following a reported procedure, 10 Pd dimer 12 (300 mg, 0.820 mmol, 1.0 equiv) and AgBF4 (316 mg, 1.62 mmol, 2.0 equiv) were transferred into a 2-necked flask under N2. DCM (8.0 mL) was then added and the solution stirred at room temperature for 15 minutes. COD (0.330 mL, 1.64 mmol, 2.0 equiv) was then added and the solution was stirred for 1 h. The white precipitate that forms was removed via filtration. Ether (50 mL) was added to precipitate out the product, which was removed by filtration, washed with ether (3 x 10 mL) and dried in vacuo. The solid was taken up in DCM and passed through a cotton wool plug, ether was again added to precipitate out the product. After washing with more ether the crude product was dried in (9) 
Diethyl 4-pentenylpropanedioate (5a)
Following a reported procedure, 12 a 50 mL 2-neck round-bottom flask fitted with a reflux condenser was charged with dry ethanol (11 mL). Solid Na (3.08 g, 21.6 mmol, 1.08 equiv) was added and the mixture was vigorously stirred until the complete consumption of Na, upon which the solution was warmed to 50 o C.
Diethyl malonate (3.03 mL, 20. 0 mmol, 1.00 equiv) and 5-bromo-1-pentene (14) (0.497 mL, 21.6 mmol,
1.08 equiv) were added. The solution was then heated to reflux for 3 hours, after which the consumption of 
Dimethyl 2-(pent-4-en-1-yl)malonate (5b)
Following an adapted procedure, 13 anhydrous NaH (0.225 g, 9.00 mmol, 1.20 equiv) and anhydrous THF (30 mL) were introduced into a 2-neck flask and the suspension was cooled to 0 Extraction of the aqueous layer with ether (3x10 mL), washing the combined organic layers with brine (10 mL), drying over MgSO4 and removal of the solvent under reduced pressure gave the crude product, which was purified by column chromatography (SiO2, 10:1 PET:Et2O). 5b was obtained as a colourless oil (1.24 g, 6.82 mmol, 82%). The data were in agreement with the ones published in the literature. 
1-Ethyl 3-methyl 2-(pent-4-en-1-yl)malonate (5c)
Solid Na (75.9 mg, 3.30 mmol, 1.1 equiv) was introduced into a tube, which was sealed and put under a N2 atmosphere using Schlenk line techniques. Dry ethanol (1.5 mL) was then added 4.19 (q, J = 7.1 Hz, 2H, CO2CH2CH3), 3.73 (s, 3H, CO2CH3), 3.34 (t, J = 7. 0, 169.4, 137.9, 115.1, 61.4, 52.4, 51.8, 33.2, 28.3, 26.6, 14 
Ethyl 2-cyanohept-6-enoate (5d)
Following a reported procedure, 14 a dried flask was charged with dry DMF (6 mL), ethyl cyanoacetate (0.40 mL, 3.7 mmol, 1.5 equiv), 5-bromopent-1-ene (14) 1, 137.2, 116.5, 115.8, 62.8, 37.5, 32.7, 29.2, 25.1, 14 Bioorg. Med. Chem. 2003, 11, 4487. 15 ethyl nitroacetate (0.330 mL, 3 .00 mmol, 1.00 equiv), tetrabutyl ammonium bromide (0.100 g, 0.300 mmol, 0.100 equiv) and NiPr2Et (1.00 mL, 6.00 mol, 2.00 equiv) were added to dry DMF (2 mL). 5-bromopent-1-ene (14) (0.710 mL, 6.00 mmol, 2.00 equiv) was then added dropwise and the solution stirred overnight at room temperature. Purification through column chromatography (SiO2 eluting with 5:1 PET:Et2O) afforded 5e as a colourless oil (0.040 g, 0.20 mmol, 6% 6, 137.0, 115.9, 88.0, 63.0, 32.7, 29.6, 24.7, 13.9 .
The experimental data were in good agreement with published values. 6, 138.6, 114.6, 61.3, 52.1, 33.4, 28.6, 28.5, 26.8, 14.1. IR ( (t, J = 7.1 Hz, 3H, OCH2CH3), 0.92 (t, J = 7.1 Hz, 3H, OCH2CH3). 13 C NMR (101 MHz, CDCl3) δ 168. 5, 167.8, 140.5, 137.9, 128.4, 128.3, 127.0, 115.0, 61.5, 61.1, 58.8, 45.0, 33.1, 31.1, 14.1, 13.7; IR (neat), 3065 (broad, w) 
2-((Triisopropylsilyloxy)methyl)pent-4-en-1-ol (21)
According to a reported procedure, 18 a solution of dimethyl 2-allylmalonate (19) (1.77 mL, 11.0 mmol, 1.0 equiv) in Et2O (25 mL) was added dropwise to a suspension of LiAlH4 (1.25 g, 33.0 mmol, 3.0 equiv) in Et2O (31 mL) at 0°C. The resulting mixture was stirred at room temperature for 3 h; it was then cooled back to 0°C and the reaction was quenched by slow addition of water (1.05 mL). The mixture was allowed to warm to rt and treated with aqueous NaOH (15%, 1.05 mL) and water (3.2 mL). The resulting white slurry was filtered through Celite and then washed with EtOAc (4 x 50 mL). After removal of the solvent by distillation under reduced pressure, the crude product was purified by column chromatography (SiO2, eluting with Et2O) to afford diol 20 as a colorless oil (744 mg, 6.40 mmol, 58% yield).
Following a reported procedure, 19 a solution of diol 20 (581 mg, 5.00 mmol, 1.0 equiv) in THF (4.0 mL) was added dropwise to a suspension of NaH (60% dispersion in mineral oil, 120 mg, 5.00 mmol, 1.0 equiv) in THF (10 mL). The mixture was stirred at rt for 50 min and then a solution of triisopropyl silyl chloride (0.96 mL, 4.5 mmol, 0.9 equiv) in THF (4.0 mL) was slowly added. After stirring for 2 h, the reaction was quenched by treatment with aqueous K2CO3 (1.0 M, 15 mL). The aqueous layer was separated from the organic one and extracted with Et2O (3 x 15 mL). The combined organic layers were washed with brine (15 mL 3, 116.3, 67.2, 66.3, 41.9, 32.4, 17.9, 11.7; IR 3419 (br, w) 7, 136.4, 116.5, 65.1, 61.2, 50.1, 38.4, 35.6, 30.4, 18.0 7, 115.7, 78.6, 47.7, 38.1, 34.3, 29.7, 21. 4, 168.9, 137.7, 116.4, 61.3, 53.6, 41.3, 39.8, 33.1, 29.5, 27.8, 21.8, 14 
Trans-diethyl 2-(2-allylcyclohexyl)malonate (5k)
